Introduction
First described by Price and Price, venting incisions are commonly used in Descemet's stripping automated endothelial keratoplasty (DSAEK) to remove fluid from the donor-recipient interface. 1 A 15-degree blade is used to make four equally spaced full thickness mid-peripheral incisions in the recipient cornea. The incisions promote donor-recipient adherence by allowing interface fluid to egress. As described in previous literature, transverse corneal incisions cause flattening on the same meridian with steepening 90 degrees away. 2 The astigmatic effect of corneal venting incisions has not yet been described. This study describes the effect of corneal venting incisions from DSAEK surgery.
Material and methods in vivo
Eleven eyes of eleven patients aged 65-81 years old who had previously received DSAEK with corneal venting incisions were examined with slit lamp biomicroscopy. 
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The locations of the incisions were identified and corresponding incision locations were noted on the patients' topographies. Preoperative and postoperative visual acuity, refraction, and topographies (Atlas Corneal Topographer, Carl Zeiss Meditec, Inc, Dublin, CA) were compared.
All eyes had received DSAEK with a 3.5 mm wound and superior and nasal paracentesis incisions. Midperipheral, transverse venting incisions were made after stripping of Descemet's membrane and while the anterior chamber was still inflated with viscoelastic. Incisions were formed with a 1.8 mm diamond blade. The dimension of the endothelial donor button in DSAEK was between 8 and 8.50 mm. Eight of the eleven eyes had cataract surgery at the time of DSAEK. Seven eyes received monofocal lenses and one eye (case 8) received a toric lens. No limbal relaxing incisions were performed.
in vitro
Corneal topography was performed on three whole cadaver globes donated for research (Utah Lions Eye Bank, Salt Lake City, UT). Before topographic imaging, corneal epithelium was removed and the globes were rinsed with Balanced Saline Solution (BSS, Alcon, Fort Worth, TX). The superior sclera was marked to ensure correct positioning. After initial imaging, the globes were placed under a surgical microscope, the center of the cornea identified, and four 1.5 mm wide venting incisions were made with a 15 degree blade (Sharpoint, Surgical Specialties Corporation, Reading, PA). Calipers were used to measure the distance from the center of the cornea. Venting incisions were made at the 4 mm optical zone on one eye, 6 mm on the next, and 7 mm on the last eye. Topographic imaging was repeated and venting incision locations were identified on the topography map.
Results
Preoperative diagnosis of all eleven eyes was Fuch's endothelial dystrophy. None of the eyes had advanced glaucoma or macular degeneration. The average time since DSAEK was 8.5 months with majority of eyes being 
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Topographic changes due to DsAeK venting 6 months since DSAEK. All eyes had improved visual acuity and three achieved 20/20 on the Snellen chart. There was no significant difference between preoperative and postoperative manifest cylinder (P = 0.23) or axis (P = 0.75) with eight of the eleven eyes having ,1.00 D of change. Cases 2, 8, and 10 had $1.00 D change in manifest cylinder ( Table 1) .
Comparison of preoperative and postoperative topography demonstrated localized flattening at incision sites and cloverleaf pattern astigmatism (Figures 1 and 2 ). Further topography evaluation revealed a significant difference between pre and postoperative corneal irregularity measurement (CIM) (P = 0.03); but no difference in shape factor (P = 0.17), topographic cylinder (P = 0.49), or change in axis (P = 0.72; Table 2 ). Comparing the degree of change in CIM (∆ CIM) with optical zone placement of the incisions demonstrated that the increase in CIM became less the farther the incisions were placed from the optical center ( Figure 3) .
A cloverleaf pattern was also found in the cadaver eyes which had incisions at 4 mm and 6 mm optical zones ( Figure 4A and B) . No significant irregular flattening was appreciated in the eye that had incisions at the 7 mm zone ( Figure 4C ). As with the in vivo analysis, the CIM also increased on post venting incision topography with an increase of 0.69 and 1.75 in the globes with 4 mm and 6 mm optical zone incisions respectively. The increase in CIM was less (0.03) in the eye with incisions at 7 mm.
Discussion
A growing question among DSAEK surgeons is why some patients are not achieving 20/20 vision even months after surgery when grafts appear clear and no lens or retinal pathology exists. Described possible impediments to achieving 20/20 vision are interface haze [3] [4] [5] and posterior higher order aberrations 6 of the cornea. We suggest that irregular anterior astigmatism is another possible cause for patients' suboptimal vision after DSAEK. 
Location of incisions by optimal zones (mm)
Corneal irregularity measurement (CIM) In reviewing pre-and postoperative topographies in eyes that underwent DSAEK, we found that venting incisions may create irregular astigmatism. Although no significant change occurred in manifest cylinder, topographic keratometry, or shape factor, there was a significant increase in CIM. CIM is a measurement representing irregularity of the corneal surface where a higher number signifies a more uneven surface or irregular astigmatism. The irregular astigmatism on these corneas appear as a cloverleaf pattern due to the localized flattening effect of the four incisions (Figures 1 and 2) . In comparing the increase of CIM with optical zone placement of the incisions, we found the CIM to decrease as the optical zone placement increased (Figure 3 ). We were able to recreate this with cadaver eyes by placing incisions at the 4, 6, and 7 mm optical zones. Incisions closer to the optical center clearly induced irregular astigmatism (Figure 4 A and B) where incisions farther from the optical zone appeared to have less of an effect ( Figure 4C) . A limitation of this study is that patient best CDVA was not evaluated using a gas permeable hard contact lens. Improvement of visual acuity with fitting of such lenses may support our hypothesis concerning loss of vision secondary to irregular astigmatism.
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This study is small although it easily demonstrates the astigmatic effect of venting incisions on the cornea. Another criticism is that a 1.8 mm diamond blade was used to create the venting incisions in the eleven eyes instead of a 15 degree blade as originally described by Price.
1 A 1.8 mm blade, as expected, would cause more astigmatic changes on the cornea. However, with the cadaver eyes we demonstrated that a 15 degree blade, with smaller width incisions, can still have the same effect.
In conclusion, DSAEK venting incisions can induce irregular corneal astigmatism that may contribute to patients not achieving their maximum vision potential.
Incisions farther from the optical zone may have less effect, and thus venting incisions near the 7 mm optical zone are recommended. Smaller and fewer incisions may also induce less astigmatism and consequently be better, however, they may increase the risk of retained interface fluid. Finding the correct balance between creating effective venting incisions and avoiding induction of irregular astigmatism is important in achieving the best outcome in DSAEK. Yet, as technique in DSAEK surgery has improved, some have questioned whether venting incisions are necessary and many surgeons have discontinued the use of venting incisions in the DSEAK procedure.
